The distribution of neoantigens in the surface membrane of avian tumor virus-infected chicken embryo fibroblasts was examined on carbon replicas of cell cultures using hemocyanin-labeled antibody . New determinants appearing on the cell surface of virally infected but not transformed cells are thought to be common with components of the viral envelope . These antigens were found to exist in a diffuse, random array on the dorsal cell surface, with a denser accumulation along the cell processes . In living cells, surface antigens are capable of several types of redistribution when activated by reaction with antibody . Leukosis virus-infected (nontransformed) cells showed two apparently independent modes of redistribution : a relocation of some antibody-related sites to the cell margin ; or an involvement of essentially all sites in randomly dispersed aggregates . Viral antigenic sites on sarcoma virus-infected (transformed) cells, reacted with antibody, were able to produce weak marginal relocation ; but revealed a more striking tendency to migrate to some central location . The centripetal coalescence thus formed resembles the "cap" noted in other systems . Prior aggregation into "patches" may not be a prerequisite for such cap formation .
INTRODUCTION
Topography and localization of cell surface antigens and other membrane components have become a matter of current interest in various cell systems . Both light and electron microscopy have been used to advantage for this purpose, although fine structural analysis relies heavily on the latter . Early mapping efforts depended primarily on THE JOURNAL OF CELL BIOLOGY • VOLUME 61, 1974 • pages 74 3 -756 ferritin or histochemical markers for localization (1) (2) (3) and were largely restricted to the rather narrow spatial information obtained with thin sectioning . More recently, methods have been introduced for two-dimensional visualization of cell surfaces and markers by means of the following : cell membrane ghosts with ferritin label (4) ; freeze etch preparations and ferritin markers (5) ; and mollusk hemocyanin in surface replicas (6) . This last approach was originally adopted in the mapping of concanavalin A binding sites on several cell types and applied by Rosenblith et al . (7) in a systematic study of fibroblast membrane mobility . Karnovsky et al . (8) extended it to studies of lymphocyte surface antigen distribution by chemically coupling hemocyanin to antibody . An expedient innovation of Smith and Revel (6) was the method of rapid air-drying of specimens from amyl acetate with minimal distortion by surface tension . This procedure has obviated the need for the more elaborate critical-point technique (9) . In this paper, we present the mapping of surface neoantigens of chick embryo fibroblasts (CEF) infected with avian tumor viruses . Hemocyanin labeling is visualized on replicas as previously described, but special modifications are required to apply the technique to the CEF system .
MATERIALS AND METHODS

Animals and Embryos
Fertilized chicken eggs of the highly inbred line, RPL-6, were obtained from Dr . Howard Stone, United States Department of Agriculture, Regional Poultry Laboratory, East Lansing, Mich . The flock is maintained in a special virus-free isolation (isolate 7) and has been free of any leukosis or avian sarcomas . Eggs were of C/0 type and chick helper factor negative . Some eggs were hatched and raised to adult birds . Other eggs were incubated to day I I and the embryos made into primary cultures that were frozen at -70°C for later use .
Cell Culturing and Virus Infection
Primaries were prepared according to the method of Temin (10) . Secondaries were transferred into 20% Tryptose phosphate broth in Temin-modified Eagle's medium . After 4 h, the cells were infected with the appropriate RNA avian virus and cultured in medium containing 4% fetal calf serum (FCS) .' Target cells were ' Abbreviations used in this paper: anti-SR'/V, virusspecific antibody to SRV-A ; B77, Bratislava strain of Rous sarcoma virus (subgroup C) ; B77/C, CEF infected with B77 ; BSA, bovine serum albumin ; CEF, chick embryo fibroblasts ; FCS, fetal calf serum ; HCN, hemocyanin from the giant keyhole limpet ; NI/C, uninfected CEF ; PBS, phosphate-buffered saline ; RAV-1, subgroup A, Rous-associated virus ; RAV-IC, CEF infected with RAV-l ; SRA/C, CEF infected with SRV/A ; SR'/C, CEF infected with SRV-D ; SRV-A, subgroup A of Schmidt-Ruppin strain of Rous sarcoma virus ; SRV-D, subgroup D of Schmidt-Ruppin strain of Rous sarcoma virus ; TSW, Tris-buffered seawater .
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THE JOURNAL OF CELL BIOLOGY . VOLUME 61, 1974 prepared by transferring 1-4 times after infection . The last transfer was made on to 0.6-cm glass squares prepared from ordinary glass microscope slides . In early trials, cells were cultured in medium containing 4% FCS, but in later experiments target cells were grown in 2% chicken serum found to be free of viral antibody by immunoelectron microscopy . After 18-48 h, the cells could be taken for testing . In each experiment, all infected target cells and uninfected controls were derived from the same embryo . Chicken Antisera and Virus-Specific Antibody Three methods were employed to obtain antisera . (a) Antisera were prepared against whole, cells transformed with SRV-A (anti-SR A /C) or B77 (anti-B77/C) viruses . RNA virus-infected cells were grown for 4-6 days postinfection . About 5 x 10' cells were washed once in medium without serum or in phosphate-buffered saline (PBS), scraped from the plates, washed, centrifuged, and injected into young, mature chickens (more than 10 wk of age) . The primary dose was first exposed to UV radiation (20 min at a distance of 15 cm from a Champion G30T8 30-W germicidal lamp, Champion Lamp Works Div ., ITT Champion Inc ., 330 Lynnway, Lynn, Mass.) to prevent tumor formation, and injected into the wing web where tumors could be easily detected . Subsequent immunizations were carried out at monthly intervals with living cells injected subcutaneously and bilaterally into the axillae . Bleedings were commenced 1 wk after the third immunization . (b) In the preparation of antiserum against composite "antigens of viral infection" (anti-RAV-1/C) with exclusion of those related to transformation, killed RAV-1-infected CEF were used for immunization . Alternate injections were made with UV-killed cells and cells killed by treatment with 0 .5% formaldehyde for 30 min . This treatment was believed necessary to prevent dissemination of live virus, which could permit in vivo infection of tissues susceptible to transformation by leukosis viruses . Injections in this case were biweekly, and serum was obtained after 8 wk of immunization .
(c) Antiserum to neoantigens of transformed CEF was prepared by a method similar to that of Gelderblom et al . (11) with a single intravenous injection of about 10` focus-forming units of stock SRV-D . Bleeding was carried out I mo after sensitization .
Blood was received into citrate anticoagulant, cellular components were removed by centrifugation, and sufficient 10% CaCi 2 was added to the resulting plasma to produce clotting . The clot was minced and serum obtained by centrifugation . Serum was then dialyzed against Dulbecco's PBS . Because cells used for immunization had been grown in 4% FCS, it was desirable to remove any antibodies to FCS components produced during sensitization . For this purpose, an immunoadsorbant of FCS was prepared (see below), and the undiluted antiserum adsorbed twice on an equal volume of this gel. In later experiments, growing cells in 2% chicken serum eliminated any interference from calf serum components . In most cases, serum was also adsorbed on normal cells prepared as discussed below .
Virus-specific antibody to Schmidt-Ruppin subgroup A sarcoma virus (anti-SR A /V) was obtained by adsorption of anti-SR A/C immune serum on an insolubilized virus concentrate prepared as described below, and elution with 0 .2 M glycine-HCI (pH 2 .5) . Eluted proteins were immediately neutralized, exhaustively dialyzed against Dulbecco's PBS, and concentrated to 160 µg/ml in an Amicon ultrafiltration cell (Amicon Corp ., 25 Hartwell Ave ., Lexington, Mass .) . It was supposed that antibody prepared in this way could principally contain components directed against the viral envelope .
Immunoadsorbants
Protein immunoadsorbants were prepared according to the method of Avrameas and Ternyck (13) with protein-bovine serum albumin mixtures cross-linked with glutaraldehyde . The following protein immunoadsorbants were prepared : (a) fetal calf serum with 50 mg/ml BSA (FCS x BSA) ; (b) hemocyanin, 30 mg/ml with 25 mg/ml BSA (HCN x BSA) ; (c) chicken IgG (Na2SO4 fraction, recycled three times), 25 mg/ml with 25 mg/ml BSA (IgG x BSA) . Cell-base immunoadsorbants were prepared by fixing the desired cells on 100-mm plates for I-3 h with 0 .5% glutaraldehyde in PBS, followed by washing, and incubation overnight in 0 .15 M lysine-HCI (adjusted to pH 7 with K 2 HPO,) to block free aldehyde groups . The fixed, confluent cell layer was then scraped and combined to form a fluffy mass, centrifuged at 3,000 g for 10 min to form a compact pellet, and stirred again to form a loose cellular network . This cycle was repeated several times . No homogenization was necessary .
Virus particle adsorbants were prepared from the culture medium of infected cells . Medium was centrifuged first at 8,000 g for 20 min and the supernate was then decanted and centrifuged at 40,000 g for I h in a Spinco 30 rotor in a Beckman L-2 65B centrifuge, (Beckman Instruments, Inc ., Spinco Div ., Palo Alto, Calif.) . The virus pellets were resuspended in fresh medium with a rubber policeman, combined, and recentrifuged . The resulting larger pellet was fixed for 3 h in 0 .5% glutaraldehyde in PBS, followed by washing and incubation for 18-24 h in 0 .15 M lysine-HCI at pH 7 . Several such pellets were combined, homogenized, and washed as described by Avrameas and Ternyck for protein-immunoadsorbant gels .
Hemocyanins
Giant keyhole limpet hemocyanin was obtained from Calbiochem, Los Angeles, Calif., (99 .8% pure) and used without further purification for immunization of rabbits . For the preparation of immunoadsorbants, a less pure but more soluble preparation was obtained (Schwarz/ Mann Div ., Becton, Dickinson & Co ., Orangeburg, N .Y .) . Commercial hemocyanins were found to be morphologically fragmented and refractory to reconstitution, so, for labeling, fresh hemolymph was obtained from giant keyhole limpets (Marine Biologicals, Sand City, Calif.) and purified according to Campbell et al. (14) . The purified protein was dissolved in artificial, 4 mM Tris-buffered seawater, pH 7 .1 . (TSW), containing 0 .01% sodium azide, and stored at 4°C .
Hybrid Antibody
Hybrid antibody with dual specificities for chick IgG and hemocyanin was prepared according to the method of Hämmerling et al . (15) with slight modification . A brief description follows : adult female rabbits were immunized with chick IgG purified by the method of Leslie and Clem (16) , or with commercially prepared hemocyanin (Calbiochem) . Rabbit IgG was isolated on DEAE Sephadex, eluted with 0 .08 M Tris-HCI, pH 8 .0, at 4°C . F(ab') 2 was prepared from this IgG by pepsin digestion and isolated by gel filtration on Sephadex G-150 . Specific antibodies were isolated on IgG x BSA or HCN x BSA immunoadsorbants . Elution was accomplished with 0 .2 M glycine-HCI, pH 2 .5 . Purified, immunospecific F(ab') 2 fragments of both specificities were mixed at a total concentration of 10 mg/ml, and reduced with 1 mg NaBH,/10 mg of protein under a nitrogen atmosphere for I h at 37°C . Excess of NaBH, was destroyed by lowering the pH to 5 .0 for 20 min (Hämmerling, personal communication) . The solution was returned to neutrality and reoxidized under 0, for 2 h . Recombinants were isolated on Sephadex G-100 and the recombined, bivalent antichick-IgG was eliminated using the HCN x BSA adsorbant . The resulting preparation, eluted from the adsorbant, contained bivalent antihemocyanin and hybrid antihemocyanin-anti-IgG . This preparation was used in the cell surface binding experiments at a protein concentration of 0 .2 mg/ml in N-2-hydroxyethylpiperazine-N'-2-ethane sulfonic acid (HEPES)-buffered, complete Temin-modified Eagle's medium at pH 7 . Efficacy of the preparation was established by demonstrating a full corona of marker on thin sections of virions labeled by use of chick antivirus serum (see Fig . 8 ).
Labeling Procedure
Cells on glass squares were washed twice with cold, complete medium without serum and overlaid with a PHILLIPS AND PERDUE Ultrastructural Distribution of Cell Surface Antigens 745 meniscus of heat-inactivated, unimmunized rabbit serum to reduce nonspecific binding of protein to exposed surfaces . After 5 min this serum was drawn off with gentle suction, replaced by a meniscus of antiserum or antibody and incubated for 20 min at the indicated temperature (the primary immune reaction) . After incubation, the glass squares were washed five times with cold complete medium and once with cold Dulbecco's PBS . Specimens were fixed for 10 min at room temperature or 0°C with 0 .5% glutaraldehyde in PBS at pH 7 .0, washed twice with cold PBS, and incubated for l h at 25°C in 0 .15 M lysine HCI, pH 7, to block any free aidehyde groups . The fixed cells were then covered with hybrid antibody and incubated at room temperature for 25 min, followed by two washes in cold TSW . A meniscus of 30 mg/ml BSA in TSW was applied for 5-10 min, replaced with hemocyanin at about 5 mg/ml in TSW, and incubated at room temperature for 25 min . The specimens were then washed eight times with cold TSW . In some experiments, the cells were fixed with 0.1 or 0.2% glutaraldehyde for 10 min at room temperature, followed by lysine-HCI incubation, before the rabbit serum incubation .
Electron Microscopy
Labeled specimens were fixed in 1% glutaraldehyde in cacodylate-buffered, isotonic sucrose, pH 7, for I-2 h and postfixed in 1% OsO, in the same medium for 30 min . Fixed specimens were washed twice in distilled water, and dehydrated and air-dried according to the method of Smith and Revel (6) . The dried specimens were placed on a brass block, precooled by immersing the bottom portion in liquid nitrogen, and covered . The cooled block was quickly transferred to the vacuum chamber on to a plastic insulating disk . When the vacuum reached 1-2 x 10 -s torr (about 20 min), the lid covering the specimens was removed and the cells were shadowed with platinum-carbon at an angle of 45°, and a coat of carbon was applied from 90°. The samples were removed from the vacuum chamber, warmed to room temperature, dipped briefly in 0 .2% Formvar (Ladd Research Industries, Burlington, Vt .), and allowed to drain . When dry, the carbon replicas were loosened at the airfluid interface of hydrofluoric acid and floated off on distilled water. After a rinse in distilled water, the cellular material was digested by floating on sodium hypochlorite (Clorox) for 1 h, and the replicas were washed several times in distilled water. Samples were picked up on grids (no additional Formvar was needed except when very large mesh grids were used) and examined on a Hitachi HU-I I B microscope at 75 kV . For preparation of thin sections, cells were grown and treated on carbon-coated, 0.9-cm glass squares . Contrast of hemocyanin was enhanced by staining with the polycationic dye, ruthenium red (Fig . 8) , according to the method of Luft (17) . Fixed specimens were dehydrated, flat embedded, and sectioned as previously described (18) . Thus, when labeling is observed, it may be considered due to components contained in the antiserum (or serum) adhering to the cell surface during the primary incubation . It cannot necessarily be assumed, however, that this is caused by a specific immune reaction, since target cells treated with unimmunized, undiluted chicken serum were found to label extensively on the substrate and on the filamentous tracts abundantly distributed over these fibroblasts . Bare surface membrane was generally devoid of label .
In antisera from immunized birds, this nonspecificity could be nearly abolished by thorough adsorption on uninfected cells or by dilution of 1 : 10 or greater . In most cases, the adsorption method was used to an extent sufficient to obtain marker-free control (uninfected) target cells . Nonspecific labeling of substrate, however, persisted with all sera and even with purified specific antibody preparations .
Viral Surface Antigens
The anti-SR A /V (virus-specific antibody) preparation was tested against uninfected cells (N I /C), and cells infected with B77 (B77/C), SRV-D (SR°/C), SRV-A (SR A /C), and RAV-1 (RAV-I/C) viruses . Results were identical with those obtained using anti-RAV-I/C (see Materials and Methods), a preparation more easily and abundantly obtained in saturating titers .
Cells not infected with subgroup A viruses were completely negative for hemocyanin label . Both SR A /C and RAV-I/C target cells demonstrated a heterogeneous population of labeled and unlabeled cells . The relative proportion of labeled cells varied directly with the length of time in culture and number of transfers after infection . Cultures transferred once, 4 days after infection, and grown 24 h before testing contained about 10-20% of the cells bearing marker . Cells transferred twice and tested 48 h later exhibited up to 50% with significant label, while those transferred four times and tested 48 h after transfer were virtually all labeled . Within the population of labeled cells from a given preparation, a spectrum of marker density was observed, varying from barely perceptible to intense . Marker intensity, like the proportion of labeled cells, varied directly with age in culture and/or number of transfers after infection . ' Distribution of the marked antigenic sites appeared to vary with virus type (sarcoma or leukosis) and cell morphology, and depended on whether glutaraldehyde fixation occurred before or after the primary immune reaction .
RAV-1 /C AS TARGET CELLS : Cells fixed before the addition of antibody revealed a diffuse, random distribution of hemocyanin over the dorsal cell surface with some cells displaying preferential labeling along the processes (Fig . 1) . Some small aggregates were observed, but not significantly more than might be expected from a random disposition of sites, or the indirect nature of the labeling process . Each chicken IgG affixed to one membrane antigenic site provides many antigenic determinants which can be recognized by the hybrid antibody, and thus be marked by hemocyanin . The steric restriction attendant on the large hemocyanin molecule (350 A), however, makes a ratio of hemocyanin to chicken IgG of more than two or three unlikely .
'This description breaks down, in part, in the case of SR'/C, since the percentage of "round" (morphologically transformed) cells increases, and as noted later, round cells label more sparsely . Thus, among the "flatter" SRA/C, average intensity of label increases, but among the total population it probably decreases .
When target cells were incubated with antibody at room temperature without prefixation, a moderate number of the cells had a diffuse distribution of labeled sites and appeared similar to cells that had been prefixed . A substantial number, however, displayed a dramatic preferential distribution of the markers on the periphery of the cell as well as its processes (Fig . 2) . Such cells also contained diffuse label over the dorsal surface,
To test the possibility that this pronounced marginal distribution of marker was due to a redistribution of antigen after binding of antibody, comparison was made of cells incubated with antiserum for 20-25 min at 37°C, at room temperature (24°C), at 0°C, and prefixed . Those incubated at 0°C showed a slight but more definite marginal distribution than those which had been prefixed and labeled at 24°C but less than cells labeled with antibody at 24°C or 37°C before fixation . Peripheral aggregation appeared optimal at 24°C, and it was somewhat less at-37°C . It was noted that the general magnitude of cell membrane labeling appeared inversely related to temperature, i .e ., 0 0 > 24° > 37 0 C .
In experiments in which cells had been transferred three or four times after infection and examined 48 h after the last transfer, unfixed cells treated with antibody at 37°C and 24°C presented a patchy distribution of hemocyanin in about half of the labeled population (Fig . 3) . The arrangement of clusters over the cell surface was random . Surface regions between the marker aggregates were bare . Patches of membrane antigen were easily distinguished from labeled virions or clusters of virions adhering to the cell surface (see Fig . 8 , compare with Fig . 3 ) . The remaining labeled cells possessed diffuse label, and the majority of these cells were labeled strongly about the cell margin as described above . Patches were larger and occurred in more cells in specimens treated at 37°C than in those tested at 24°C . No such clearly defined patches were seen in specimens tested at 0°C, but some tendency to aggregate into tiny clusters was detected (Fig . 4) . Patchy distribution of marker was not noted in cultures under any temperature conditions when they were transferred fewer than three times after infection . In most cases, both marginal redistribution and clustering of hemocyanin were not observed in the same cell, although occasional cells of this type could be found (Fig . 5) . RAV-l/C, prefixed with giutaraldehyde and incubated with anti-RAV-i/C . Surface shows relatively dense, diffuse label characteristic of such specimens . Note pronounced labeling of cell processes . x 34,800 . FIGURE 2 RAV-I/C incubated with anti-SRA/V at room temperature without prefixation . Heavy labeling of the margin is seen, while the dorsal surface maintains its random, diffuse marking . x 45,000 . with maximum intensity much less than that observed on the RAV-I/C . Relatively flat SR A /C demonstrated more label than the round, highly distorted cells . Distribution of antigen in such specimens was uniform over the cell surface with only a slight preference for cell processes in the morphologically flatter cells . When the cells were treated with antibody at room temperature and at 37°C, marginal redistribution was much weaker than that appearing in RAV-1/C . On examining cells treated at 37°C or 24°C at low magnification, a phenomenon not apparent in RAV-I/C was seen . A gradient of hemocyanin from low concentration of individual markers at the periphery to a denser, clustered array centrally was noted in most cells . The area of highest density was not always precisely central, but generally corresponded to the "highest" elevation or "roundest" portion of the cell (Fig . 6 ) . This effect was more pronounced in cells incubated with antiserum at 37°C than in those incubated at 24°C .
Tumor-Specific Surface Antigens
The existence of a group-specific, nonvirion antigen has been previously shown to exist on the cell surface of avian tumor virus-transformed CEF (11) . In our system, the detection and mapping of this antigen has proved somewhat more ambiguous . Antiserum prepared as described against B77 virus-infected CEF was found to contain weak activity against subgroup A virus envelope, presumably because of slight contamination (in spite of focus-purified derivation) of the virus stock . This activity was removed, however, by two adsorptions on RAV-1-infected CEF immunoadsorbants so that all virus particles (subgroup A) were unlabeled on testing . Applying this antiserum preparation to prefixed SRV-A-infected target cells, a small population showed sparse, diffuse label over the surface (Fig . 7) . No differential distribution or aggregation was observed . It was found that in most cases, cells so marked corresponded to the presumably "morphologically transformed" fibroblasts . These cells exhibited at least a substantial area of raised, round, cellular mass characterized by a folded, convoluted surface, often containing numerous microvilli (Fig . 7,  inset) . The vast majority of uninfected, or infected but morphologically untransformed cells possess flat, uninterrupted surfaces . However, a very small number of round cells, similarly bearing hemocyanin, could also be found in uninfected controls and RAV-l-infected preparations . It should be noted 7 
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THE JOURNAL OF CELL BIOLOGY . VOLUME 61, 1974 that this labeling persisted despite sufficient adsorption on RAV-l-infected cells to remove antibody against the contaminating virus . In some antiserum preparations, excessive adsorption on uninfected or leukosis virus-infected CEF abolished the capacity to label . The same results were obtained using antiserum prepared by single intravenous injection of SRV-D virus stock . Such antiserum was used at a I : 10 dilution in unimmunized rabbit serum . Unimmunized chicken serum did not label infected or uninfected cells, nor did anti-SR' /V label when tested against SRV-Dinfected cells or uninfected controls .
DISCUSSION
Replicas
Initial attempts to apply the replica techniques of Smith and Revel (6) to our system were frustrated by the adversities described . Criticalpoint drying yielded equally unsatisfactory results . On seeking to overcome these problems, it was found that applicability of the replica technique varied with cell type, and that drying from solvents more prone to producing surface tension flattening provided sharply textured replicas without technical modifications, but obscured detailed morphology . These observations, coupled with the "melted" appearance of the cell surface and a narrow area of the surrounding substrate, led us to believe that the collapse and/or volatilization of some superficially exposed substance during condensation of the shadowing material was responsible for the interfering artifact . The elimination of this adverse effect by shadowing the specimen at low temperatures indicates that such a substance may be stabilized to the heat (or weight) of metal condensation . It was fortuitously found, in later experiments, that the need for "cold shadowing" was largely abrogated by allowing dried specimens to stand in ambient room atmosphere for several days .
A Formvar backing on the replicas increased their cohesive strength greatly . A disadvantage of this addition was the frequent appearance of dark spots because of nonuniform drying of Formvar (see Fig . 6 ) . Although this was sometimes unsightly, it did not interfere with the information obtained .
Viral Surface Antigens
It is obvious that variable patterns of labeling and antigenic distribution appear with a great FIGURE 6 SR A /C reacted with anti-RAV-1/C at 37°C without prefixation shows typical concentration gradient of marker, increasing toward central, elevated portion of cell . Amorphous and lacy-appearing dark spots are caused by nonuniformly dried Formvar (see Results) . x 9,000. Insets: high magnifications of indicated areas . x 35,800 . FIGURE 7 Prefixed SR A /C labeled with hemocyanin using antiserum to B77/C, adsorbed with RAV-I /C immunoadsorbent . Diffuse label is characteristic of "morphologically transformed" cells with "round" appearance and irregular cell surface . x 47,000 . Inset : low magnification . Arrow marks region of identity . x 3,500 .
number of conditional parameters . For most of these, a definitive statement on the occurrence and its causal circumstances will require more investigation . However, certain findings are consistent and reliable . (a) Antigen expression of avian tumor virus-infected CEF at any given moment in time 75 2 THE JOURNAL OF CELL BIOLOGY -VOLUME 61, 1974 occurs in some fraction of the cell population . This finding is in accord with the suggestion of Gelderblom et al . (11) based on immuno-ferritin labeling . However, these workers were unable to confirm the possibility because of the restricted information available by thin-section examination . Moreover, we are able to observe a spectrum of label intensity within that population ranging from barely detectable to intense . The proportion of labeled cells clearly varies with time and number of transfers following infection, as described in Results . This seems to speak against the hypothesis that antigen expression correlates with phases in the cell cycle as shown in some cases (19) , or at least that such a hypothesis could alone account for the observed heterogeneity . Since leukosis virus-infected cells behave socially and reproductively entirely like uninfected cells, one would expect asynchronous cultures to reveal a rather constant number of cells in a given phase of the cycle, a number invariant with time in culture . The relation of virus antigen expression to the state of infection, genome incorporation, or virus production is unclear at the present time . (b) The bulk of virus antigen sites on the cell surface appears to occur in a randomly dispersed orientation . It is assumed that prefixation with glutaraldehyde forbids rearrangement of sites by immobilizing membrane moieties, as indicated in other studies (6, 7, 20, 21) . The finding of a diffuse distribution, however, is in direct conflict with Gelderblom et al . (11) . These investigators, using prefixed cells, found viral antigens to occur in discrete patches of 0 .5-2 .0 µm in size, in thin section . We are unable to explain this disparity . That the reagents used in our study are capable of detecting such aggregates is shown in the packed presentation of marker seen on virus particles (Fig . 8 ) and in those circumstances where coalescence of sites is observed (Fig .  3) . (c) Virally transformed sarcoma cells consistently present less viral antigen in the plasma membrane than do their nontransformed, leukosis virus-infected counterparts . This generalization extends to the degree of transformation (by morphological criteria) within the SR"/C population . The rounder cells, frequently with bizarre surface morphology, are very sparsely labeled, while a denser display is seen on flatter cells . Whether these differences are due to the synthesis of fewer surface viral antigens in transformed cells or to the greater loss of the antigens from the surface has not yet been experimentally approached . (d) A slight but definite peripheral distribution of antigenic sites exists natively in some cells (ca . 10-20% of the labeled cells) . Hemocyanin on prefixed cells of both the leukosis and sarcoma virus-infected type reveals a higher density on the processes, though the remainder of the cell margin is rarely accented . Some enhanced concentration of virus envelope antigens at cell borders was expected, since examination of thin sections of infected CEF has suggested that the greatest amount of viral budding occurs at this location (unpublished observations) . However, it seems unlikely that all preferential labeling of processes is due to sites of budding since frequently the entire process is heavily labeled, while budding occupies only a small region of cell membrane . The relationship of this distribution to viral production, cell cycle, or other cell properties is unknown . It should be recognized that the mild fixation employed in these experiments may not completely immobilize membrane constituents, thus allowing redistribution to cell processes from a completely random native configuration . However, the same results were obtained by fixing the cells with 0 .5% glutaraldehyde for 10 min at room temperature . In all cases, fixation immobilized the antigenic sites more effectively than incubation at 0°C . (e) Redistribution of sites after immune reaction may assume variable patterns . It was hoped that insight into the native distribution vs . ligand-induced mobility (7, 8, 21) might be gained by comparison of cells incubated with antiviral serum at 0°, 24°, and 37°C, or when prefixed with glutaraldehyde . Several types of redistribution were observed .
ENHANCED PERIPHERAL DISTRIBUTI-ON : The dramatic border concentration of marker seen in Fig . 2 or Fig . 5 was observed principally in RAV-1/C and only in specimens treated with antiserum at 24°C or 37°C . It has been seen in cultures of all ages tested . Heavy circumferential labeling of this degree was never observed in prefixed cells, although the tendency in that direction has been mentioned . This suggests that some minor concentration of antigens occurs at the cell margins and may serve as a nucleation site for further aggregation of ligand-activated sites in the fluid membrane (8, 23) . It might further be supposed that because of contact with the substrate at the margins (and on the ventral surface), attachment provides a more stable, stationary locus for such nucleation . However, since multiple antigenic determinants are probably present, it is possible that the apparent marginal concentration reflects a genuine distribution of one or more of these determinants . The peripherally distributed moieties may be selectively destroyed by glutaraldehyde fixation, even under the mild conditions employed in these experiments . Results (8, 26, 27) . RANDOMLY ORIENTED AGGREGATES : This type of patchy redistribution is similar to that reported for other systems (8, 21, 26) and exhibits the expected dependence on temperature, i .e ., size of aggregates increases with higher temperatures .
Again, this small amount of aggregation at 0°C, as opposed to the complete absence in prefixed cells, indicates that there is a small degree of membranes fluidity even at this temperature . It is strongly suggested that this patchy type of antigen redistribution is a phenomenon entirely independent of that of marginal redistribution . Patchiness is not found except on cells transferred three or four times after infection . Since an increase in concentration of membrane viral antigens occurs concomitantly with age and/or growth after infection, it is possible that some critical concentration of surface antigens must be attained before aggregation can occur . This dependence on length of cell culture is not observed for marginal redistribution, perhaps implying that a lower critical concentration is required or that this phenomenon occurs independently of antigen concentration . Furthermore, when patchy redistribution is seen, virtually all antigenic sites are involved, whereas marginal redistribution occurs with persistence of diffuse label over the remainder of the cell surface . It has been noted that, although the phenomena of marginal redistribution and patch formation are generally not present on the same cell, they are not mutually exclusive . It is possible that these two processes occur at different rates and that when antigen concentration permits, patch formation predominates . Analysis of redistribution kinetics may illuminate this problem, and such studies are under way in our laboratory .
A TWO-DIMENSIONAL CONCENTRA-TION GRADIENT : In highly transformed SR'/C (transferred three times after infection) marginal redistribution is greatly reduced . Instead, a gradient of marker concentration appears, increasing toward some rather central location, frequently distinguished by elevated contour . The area of maximum concentration consists of a loose coalescence of small patches of label . This pattern is highly suggestive of the capping phenomenon observed by others (8, (26) (27) (28) , and is in striking contrast to the absence of presumed capping of leukosis virus-infected cells under these conditions . Longer incubation with antibody may or may not prove to induce capping in RAV-I/C, but a substantial difference in the ligand-induced behavior of antigenic sites of transformed and untransformed cells is nevertheless apparent . Inbar and Sachs (29) found that membrane fluidity, as assessed by agglutinin receptor aggregation, was greater in transformed than in untransformed hamster embryo fibroblasts . Rosenblith et al . (7) noted a similar enhanced fluidity in SV40-transformed 3T3 cells and 3T3 cells pretreated with trypsin over that of normal 3T3 fibroblasts . The relationship between the changes in membrane dynamics induced by oncogenesis noted by these workers and those observed in our laboratory is not clear at present . It is noteworthy that both of these groups of investigators found no ligandinduced aggregates in the membranes of nontransformed fibroblasts, whereas our studies indicate such aggregates are readily formed . This variation may be the result of widely disparate experimental systems . Such parameters as cell type, nature of the ligand, and the conditions under which redistribution is induced may be responsible . Speculation on this matter is reserved pending more definitive investigations of these remarkable phenomena .
It is noteworthy that the sparse label at the lower end of the concentration gradient (peripherally) is largely composed of individual markers and that aggregate size and frequency is greater in the central part of the cell . It has been suggested by others (26, 28) that capping is a two-phase process, consisting first of aggregation into clusters, and second, of mobilization of aggregates to some target point of the cell to form a cap . Our findings suggest the possibility that capping may occur without aggregation and that the latter is an incidental process occurring in the gradient when the concentration of antigen becomes sufficient . Further studies will be required to confirm this hypothesis .
Tumor Antigens A significant discrepancy between our results and those of Gelderblom et al . (11) is the apparent absence of a truly tumor-specific surface antigen (TSSA) . We do indeed find an antigen which cross-reacts between subgroups of tumor virusinfected cells, and which seems to be restricted in large part to "morphologically transformed" cells (Fig . 7) . However, as noted, this same observation is made, although on smaller numbers of cells, on uninfected and on leukosis virus-infected CEF . It is commonly conceded that cells "round up" during the cell cycle on entering mitosis, and indeed, this may be responsible for the morphological phenotype noted in transformed cells in culture . Thus the antigen observed here may be one exposed in dividing cells or perhaps specifically in dividing embryonic cells . The question of whether this constitutes the tumor specific antigen noted in other studies is unanswered, but such a hypothesis PHILLIPS AND PERDUE Ultrastructural Distribution of Cell Surface Antigens 755 would be consistent with the studies of Mann et al . (22) who found that antibodies against cell membranes of long-term cultured lymphoid cell lines cross-react with an antigen on cultured cells of human leukemia and with that on cultured lymphoblasts from normal human marrow, though not with mature peripheral lymphocytes .
In addition, our studies are in sharp contrast with the 0 .2-0.4 gm patches of TSSA reported in the immunoferritin studies of Gelderblom et al . (11) , although more recent studies of immunoferritin labeling of TSSA in Rous virus-infected mammalian cells report a more dispersed disposition (12) . We have no explanation for the differences and cannot strongly assert that, in fact, our studies demonstrate the same antigen, since we see it in considerably less than the roughly 20% of cells reported by these workers . It is certainly possible that differences in antiserum may exist since most of that used in our study was prepared in a manner quite different from that used in the immunoferritin study . However, using antiserum obtained by a similar technique (i .e ., intravenous stock virus injection), we obtained results similar to those observed with our usual preparations . Other less apparent differences in methods may exist .
Clearly our observations have provided far more questions than answers, but we suggest that this method of analysis, along with modifications as needed, will provide a convenient and versatile probe for investigation of the obviously complex and fascinating character of the fibroblast surface membrane .
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